Summary High levels of urokinase-type plasminogen activator (uPA) and plasminogen activator inhibitor type 1 (PAI-1) in breast cancer tissue extracts have been associated with rapid disease progression. In these studies, different enzyme-linked immunosorbent assay (ELISA) kits have been applied for the quantification, and consequently the ranges of uPA and PAI-1 levels reported differ considerably. Therefore, the Receptor and Biomarker Study Group (RBSG) of the European Organization for Research and Treatment of Cancer (EORTC) and a consortium of the BIOMED-1 project 'Clinical Relevance of Proteases in Tumor Invasion and Metastasis' initiated three collaborative between-laboratory assessment trials aimed at controlling uPA and PAI-1 antigen analyses. For this purpose, two control preparations were produced from different sources: pooled human breast cancer specimens (QC-240893) and human breast cancer xenografts raised in nude mice (QC-1 01094). The lyophilized preparations were stable for prolonged times (at least 3 and 27 months respectively) at 40C. Furthermore, a good parallelism following dilution was found for uPA and PAI-1. The data from QC trial no. 1 clearly indicated that acceptable betweenlaboratory coefficients of variation (CVs) for uPA (<8.2%) and PAI-1 (<16.6%) in QC-240893 could be achieved when the same type of ELISA kit (American Diagnostica) was used. From the second trial, in which ten EORTC laboratories each received five identical lyophilized QC-101094 samples, it appeared that the within-laboratory variations for uPA and PAI-1 determinations obtained by 'experienced' laboratories were lower (<12.9%) than those from non-experienced laboratories (<36.4%). In a third QC trial, five BIOMED-1 laboratories, all of which employed ELISA procedures for uPA and PAI-1, participated in six subsequent quality assessment rounds receiving five samples of QC-101094. Although for each laboratory the within-run CVs for uPA as well as for PAI-1 were low (<7.8%), the between-run CVs were found to be considerably higher (up to 56.2% for uPA and to 27.6% for PAI-1). Consequently, because of the different ELISA formats used, the absolute analyte values measured in the different laboratories varied substantially. The use of 'common external standards' in the different ELISAs resulted in a significant reduction of the between-laboratory CVs from 61.3% to 15.7% (uPA) and from 42.1% to 19.1% (PAI-1) . The present data demonstrate that in multicentre studies the same ELISA kit should be used, and that external quality assurance (QA) is mandatory. Furthermore, it appears from the present study that standardization of the protein assay as a tissular parameter is imperative.
Nevertheless, the obvious discrepancy between the absolute analyte levels obtained using different ELISAs makes it impossible simply to pool data obtained in multicentre studies. Therefore, it has been emphasized that pooling of data is feasible only if the determinations in the various participating laboratories are performed with the same ELISA and if external quality control on the antigen determinations is included (Benraad et al, 1996) . On the basis of these considerations, the Receptor and Biomarker Study Group (RBSG) of the EORTC and a consortium of the BIOMED-1 project 'Clinical Relevance of Proteases in Tumor Invasion and Metastasis' initiated three collaborative between-laboratory trials assessing uPA and PAI-1 antigen analyses. Such trials require the distribution of quality control material similar in composition to that of the tumour cytosolic extracts. Two different control preparations were prepared from different sources: a pool of residual human primary breast cancer specimens (QC-240893) and a pool of human breast cancer xenograft tissue raised in nude mice (QC-101094) . These pools were checked with regard to homogeneity, storage stability and parallelism before they were used in the quality control trials. The results of this evaluation and of the trials are presented below.
MATERIALS AND METHODS

Organization
Within the framework of both the RBSG of the EORTC and a consortium of the BIOMED-1 project ' (Greenwich, USA) to determine uPA as well as PAI-I antigen. In two successive rounds (1996-1 and 1996-2) of this ongoing trial, all participating laboratories employed uPA and PAI-l kits of the same lot. In both rounds, the QC-240893 preparation (see below) was used, divided into two batches, designated 1996-1-A and 1996-1-B, and 1996-2-A and 1996-2-B respectively. QC trial no. 2 was initiated by the RBSG. Ten EORTC laboratories from five European countries participated. Eight of them used kits from American Diagnostica, whereas two of the laboratories employed in-house ELISA formats. The American Diagnostica ELISA kits used were from different batches. Some of the laboratories (n = 7) could be regarded as 'experienced', whereas some of the participating laboratories (n = 3) were using the kits for the first time. Each laboratory received five identical lyophilized samples of QC-10 1094. Neither the nature nor content of the vials was disclosed to the participants. This trial was set up primarily to gather information about within-laboratory variation.
QC trial no. 3 was initiated by members of the BIOMED-1 consortium. It included five institutes, each of which participated in six subsequent quality assessment rounds. All laboratories employed different ELISA formats. In the first round, five identical samples of QC-101094 were assessed. In the next five rounds, one of the five samples was identical to those of the first round. This approach was chosen in an attempt to obtain information about within-run and between-run variation of different assay procedures.
Preparation of quality control samples Pooled human breast cancer cytosols: QC-240893 Residual human breast cancer specimens were obtained from the Nijmegen University tumour bank (storage at -80°C). The cancer tissues were pulverized in the frozen state using a microdismembrator (Braun), immediately homogenized in EORTC buffer without monothioglycerol and glycerol (20 mm potassium hydrogen phosphate/potassium dihydrogen phosphate, 1.5 mM potassium EDTA, 3 mM sodium azide, pH 7.4), and subsequently centrifuged (800 g, 20 min, 4°C). Supematants were collected and subjected to ultracentrifugation (1 h, 105 000 g, 4°C). The highspeed supematant (also termed as 'cytosol') was mixed with the cytosol of non-endocrine tissue prepared from calf psoas major muscle tissue (which was found to contain neither uPA nor PAI-1 using ELISA). The sample was then aliquoted in portions of 0.5 ml, lyophilized, sealed under vacuum and stored at 4°C. Prior to analysis, the lyophilized samples were reconstituted with 0.5 ml of 10% glycerol in bidistilled water. After determination of the protein content (Pierce BCA), the samples were diluted with dilution buffer according to the manufacturer's instruction. From the QC-240893 preparation, four QC batches were prepared: 1996-1 -A, 1996-1-B, 1996-2-A and 1996-2-B. These lots were employed in QC trial no. 1.
Human breast cancer xenografts: QC-101094 Xenograft tissue, recovered from nude mice implanted with breast cancer cell line MDA-MB-23 1, was frozen in liquid nitrogen and pulverized in the frozen state using a microdismembrator (Braun). The resulting powder was suspended in EORTC analysis buffer devoid of monothioglycerol and glycerol. After centrifugation (105 000 g, 1 h, 4°C), 25-pl portions of the supernatant (cytosol) were aliquoted, lyophilized and the vials sealed under vacuum and stored at 4°C. Prior to analysis, the lyophilized samples were 
Analytical methods
The commercially available uPA and PAI-1 ELISAs employed in the QC trials were from American Diagnostica (Greenwich, CT, USA) and Oncogene Science (Cambridge, MA, USA). In addition, two other uPA and PAI-1 ELISA formats were used: the Nijmegen in-house ELISA and in-house ELISAs based on American Diagnostica antibodies. The basic characteristics of the different uPA ELISAs used, including type and range of standards supplied, the type of antibodies employed, and information about the molecular forms of uPA detected, were addressed earlier at an EORTC/BIOMED-1 workshop in Nijmegen, and the findings for six different uPA ELISAs were recently described (Benraad et al, 1996) . The ELISAs were used according to the manufacturer's instructions. The set-up of the Nijmegen in-house assays for uPA External quality assessment of uPA and PAI-1 ELISAs for tumour extracts 1437
and PAI-I are described elsewhere (Grebenschikov et al, 1997) . Details of the in-house uPA and PAI-1 ELISAs based on American Diagnostica antibodies are reported elsewhere (Foekens et al, 1992 (Foekens et al, , 1994 . Protein was measured using the Pierce-BCA assay.
Standards and reference materials
The standards used in the uPA and PAl-I ELISAs were those provided by American Diagnostica and Oncogene Science respectively. In addition, in QC trial no. 3, 'common' uPA and PAI-l standard preparations were provided by the Nijmegen Quality Assurance Centre and sent to the participants to be included in the different ELISAs. These standards, designated 'calibration standards' by the RBSG, are those which are included in the Nijmegen in-house ELISAs. For uPA ELISA, Saruplase, a recombinant non-glycosylated pro-urokinase preparation produced by Escherichia coli, kindly provided by Grunenthal, Stolberg, Germany, was used (Benraad et al, 1996) . For PAI-I ELISA, a PAI-I preparation isolated from the culture medium of the HT1080 cell line, kindly provided by P Andreasen, University of Aarhus, Denmark, was used.
RESULTS
One of the tasks of the RBSG of the EORTC and the uPA Protein uPA (ng ml-') (ng ml-') (ng mg-1 (ng ml-') (ng ml-1) (ng mg-' (ng ml-') (ng ml-') (ng mg-' (ng ml-') (ng ml-') (ng mg-' (ng ml-') (ng ml-') (ng mg-'
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(ng ml-') (ng ml-') (ng mg-' Homogeneity of QC-101094
To test the homogeneity of lyophilized QC-10 1094, ten vials were randomly selected and uPA and PAI-I antigen levels were measured in quadruplicate in one assay run using the Nijmegen inhouse and the American Diagnostica ELISAs (both using different standards). The mean values of uPA obtained with the Nijmegen in-house method (0.85 ng ml-') were about two times higher than those obtained with the American Diagnostica kit (0.36 ng ml-').
The average values obtained for PAI-1 with the Nijmegen method (0.86 ng ml-') were approximately four times lower than those obtained with the American Diagnostica kit (3.35 ng ml-'). The between-vial CVs of all assays were less than 4.2%, with no significant between-vial variation.
Stability of QC-10 1094
The stability of QC-101094 was verified by analysing this preparation in duplicate on 54 (uPA) and 66 (PAI-1) separate days within a time frame of 27 months using the Nijmegen in-house ELISAs, and on 23 separate days during 8 months using the American Diagnostica ELISA kits. The Nijmegen in-house ELISA measured average analyte concentrations of 0.87 ng ml-' for uPA and 0.81 ng ml-' for PAI-1, with overall between-run CVs of 8.8% and 8.9% respectively. No statistically significant trends were observed (Figure lA and C Evaluation of the three QC trials QC trial no. 1
In the first round of this QC trial no. 1, two vials (1996-1-A and 1996-1-B) of QC-240893 were shipped to six laboratories involved in a German multicentre clinical trial. All laboratories employed American Diagnostica uPA and PAI-1 ELISA kits. The average uPA concentration of vial A was 2.69 ng ml' with a between-laboratory CV of 6.2% (Table 1) . A similar low betweenlaboratory variation was observed analysing vial 1996-1-B. The variation of the protein concentration in vial A gave a CV of 14.7%. Expressing the analyte concentrations as ng mg-' protein leads, therefore, to a substantial increase in the between-laboratory uPA variation, i.e. 13.5%. For vial B, the expression of results in ng mg-' protein leads to an increase in the between-laboratory variation from 6.9% to 18.4%. In the second round of this trial, comparable observations were made (see Table 1 ). It should be recalled that in these assay runs the same batch of ELISA kits was employed. Table 2 shows corresponding data regarding the results obtained in PAI-I analyses. Clearly, the between-laboratory variations seen here are higher than those observed in the analysis of uPA. If expressed as ng PAI-I ml', the highest between-laboratory CV is 16.6%. If expressed as ng PAI-I mg-' protein, the highest CV amounts to 23.6%. One might note that the samples of the first round, 1996-1-B, are equal to the samples 1996-2-A from the second round. The analyte levels as well as the protein levels of these sets of samples appear to match closely.
QC trial no. 2
In this trial, ten EORTC laboratories participated. Seven of them may be regarded as 'experienced', because in these laboratories these types of ELISAs have already been used for a number of years. In one shipment, the participants received five identical vials of QC-101094, and these were analysed in one assay run. As can be seen in Table 3 , the within-laboratory variation obtained by the 'experienced' laboratories is lower (range: 0.9-12.9%) than those from the 'non-experienced' laboratories (range 14.3-36.4%). The between-laboratory CV of the five experienced laboratories using ELISAs from American Diagnostica was 8.5% for uPA and 19.4% for PAI-1. As expected, the uPA and PAI-1 values obtained using different ELISAs varied widely, for uPA from 0.55 ng ml' to 1.53 ng ml' and for PAI-I from 0.83 ng ml' to 3.69 ng ml'.
QC trial no. 3
This trial encompassed five 'experienced' laboratories, all of them participating in the BIOMED-1 project. Over six consecutive months, each centre received QC-101094 vials. Each laboratory used different ELISA formats (Tables 4 and 5 ). For each laboratory the within-run CV was low, ranging from 3.1% to 5.9% for uPA and from 3.3% to 7.8% for PAI-1. The between-run CVs were found to be considerably higher, ranging from 8.4% to 56.2% for uPA and from 3.6% to 27.6% for PAI-l. The absolute analyte values measured in the different laboratories varied widely, for uPA ranging between 0.37 ng ml-' and 1.56 ng ml and for PAI-I ranging between 0.49 ng ml-' and 3.89 ng ml', because different ELISAs were employed.
In the third trial, in addition to QC-101094, external standards were shipped to the participants. Table 6 shows that, using the Grunenthal standard Saruplase (a recombinant, non-glycosylated pro-urokinase form of uPA) as a common uPA standard, the mean between-laboratory CVs of uPA antigen values measured in the QC-101094 preparation, using the different ELISAs, dropped from 41.9% to 19. 1 %. Using the PAI-1 standard prepared by P Andreasen (PA1-I isolated from culture medium of the HT 1080 cell line) as a common external standard in the different PAI-1 ELISAs resulted in a substantial reduction in CV from 61.2% to 15.8%.
DISCUSSION
From the validation experiments reported here, it appears that both QC-240893 and QC-101094 preparations can serve as quality control pools. This is because: (i) both are suitable for shipment at ambient temperature and are stable for prolonged periods, (ii) both show parallelism of dose-response curves following dilution, (iii) uPA and PAl-I levels can be brought into the working range of the assays and (iv) the control material is similar to the patient and research specimens to be analysed. The source of the two preparations is different: QC-240893 is prepared from pooled residual breast cancer tissue extracts and QC-101094 from human breast cancer xenograft tissue. Tumour specimens used for QC-240893 were selected to contain relatively large concentrations of uPA and PAI-1. Prior to lyophilization, the blended tumour cytosol was diluted with a cytosol prepared from calf tissue which was found to be devoid of uPA and PAI-1. The dilution provided a sufficiently large amount of QC material to be used in the QC trial no. 1. In addition, the protein content of QC-240893 is high enough to be determined in the Pierce-BCA assay. A drawback to the use of such a preparation is the difficulty of assembling sufficiently large amounts of QC material for multicentre QC trials. Furthermore, it may limit the number of assay runs in which the same QC sample should be used, e.g. for batch-to-batch reproducibility studies. A second independent source of quality control material was established by implanting nude mice with human breast cancer cells to generate xenograft breast cancer tissue, which can be recovered in large amounts and contains high enough concentrations of uPA and PAI-1. From this xenograft material QC-101094 was prepared, which was employed in the QC trials no. 2 and no. 3. QC trial no. 1 is part of an ongoing multicentre clinical trial, from which only the results of the first two quality control rounds are presented in this report. These results came from six participating laboratories, all of them using the same batch of American Diagnostica uPA and PAl-1 ELISA kits. Furthermore, the laboratories received meticulous instructions on how to run the assays, and thus can be regarded as 'experienced'. This should be taken into consideration when interpreting the low between-laboratory variations (average CV 7.1 %) obtained measuring the uPA concentration of QC-240893 preparation. In this context, it is noteworthy that the between-laboratory variations observed, measuring the PAI-1 concentration, were larger (average CV 14.9%). 'Normalization' of the PAI-l values of, for example, sample 1996-1-B, using sample 1996-1-A as the calibrator, resulted in a considerable decrease in the mean between-laboratory CV from 16.6% to 7.4%. Likewise, 'normalization' of sample 1996-2-B, using sample 1996-2-A as the calibrator, reduced the CV from 13.2% to 9.5%. This implies that external reference preparations should be used to normalize assay results. Obviously, the immunoreactive potency of the lyophilized standards should be carefully checked, e.g. by including an external quality-checked reference preparation in each assay run. Another point emerging from trial no. 1 is that a high British Journal of Cancer (1998) External quality assessment of uPA and PAI-1 ELISAs for tumour extracts 1441 between-laboratory CV was observed with the protein assay, resulting in large variations in analyte concentrations if values are expressed as ng mg-' protein. Certainly, the performance of the protein assay has to be improved. QC trial no. 2 was set up primarily to collect information about within-laboratory variation, analysing uPA and PAI-I. The within laboratory, within-run CVs obtained by 'experienced' laboratories were considerably lower than the CVs from the 'non-experienced' laboratories. Similar results were obtained for PAI-1. This second trial confirmed the earlier observation that the average betweenlaboratory variation, obtained by experienced laboratories employing American Diagnostica kits, was much lower for the uPA assay (CV 8.5%) as compared with the variation in the PAI-I determinations (CV 19.4%).
The absolute analyte values, measured in laboratories using in-house ELISAs, diverge from those using the American Diagnostica ELISA kits. This is not surprising if one realizes that different ELISAs employ different antibodies and standards. In trial no. 3, we were faced with this situation because here the five participating laboratories all used different ELISA procedures. In the first round of this trial, the between-laboratory CV amounted to 54% for uPA and 75% for PAI-1. Certainly, part of these large variances must be due to the fact that different standards were used in the ELISAs (Benraad et al, 1996) . The between-laboratory variations declined from 42% to 19% for uPA and from 61 % to 16% for PAl-if a common standard preparation was used in each assay. It should be stated that the standards were shipped in the frozen state and were not lyophilized.
Trial no. 3 disclosed another noteworthy phenomenon. This trial confirmed that the within-run variations achieved by experienced laboratories, analysing preparation QC-101094, can be remarkably low (average 4.3% for uPA and 5.5% for PAI-1). In sharp contrast, however, were the large variations attained in at least three of the five laboratories with the between-run experiment (average 29% for uPA and 19% for PAI-1). The between-run data were obtained over a period of 5 months, during which time each laboratory analysed the QC-101094 preparation monthly. The discrepancy between within-run and between-run variations could be ascribed both to variation in assay performance by the laboratory staff and to the instability of the standard during its preparation. From these results it is clear that, if one requires to pool data from measurements over a long period of time, inclusion of an external quality control sample is most desirable.
In conclusion, the results presented in this report indicate strongly that external quality assurance by use of checked reference materials is unavoidable if uPA and PAI-1 antigen determinations are part of multicentre studies. Also, in multicentre studies, pooling of analytical data is valid only if the participating laboratories all use the same ELISA kits. Furthermore, it appears from the present study that standardization of the protein assay as a tissular parameter is imperative. As previously reported (Romain et al, 1995) and later confirmed (Benraad et al, 1996) , the extraction procedure should also be standardized. Evidently, the present quality-checked QC breast cancer pools should be made widely available, so that the reproducibility of the uPA and PAI-1 ELISA kits can be monitored over a long period of time.
